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(54) BEAM SCANNING ANTENNA, MICROWAVE SYSTEM AND BEAM ALIGNMENT METHOD

(67) A beam scanning antenna, a microwave sys-
tem, and a beam alignment method are disclosed. The
method includes: instructing, by a switching control mod-
ule, a feed switching module to enable each feed in a
multi-feed antenna, so that the feeds separately perform
signal quality detection, where the multi-feed antenna
includes an aperture unit and at least two feeds, where
the feeds are configured to radiate an electromagnetic
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wave signal, the feed switching module includes multiple
switches, and each feed is respectively connected to one
switch in the feed switching module; acquiring, by the
switching control module, a result of the signal quality
detection performed by each feed; and selecting, by the
switching control module according to the result of the
signal quality detection, one feed having the best signal
quality as a working feed.
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Description
TECHNICAL FIELD

[0001] The present application relates to the communications field, and in particular, to a beam scanning antenna, a
microwave system, and a beam alignment method.

BACKGROUND

[0002] Inamicrowave communication application, a high-gain antenna is usually used to achieve alonger transmission
distance or to avoid interference. However, a high-gain antenna has an excessively small beam angle, and alignment
is very difficult during installation. In addition, in a case of a strong wind or the like, slight shakes of an antenna may
cause a link interruption.

[0003] In the prior art, a device of an antenna is installed on a microwave tower that can hardly shake, and is reinforced
by using a reinforcement apparatus.

[0004] However, in an actual application, installation environments are relatively limited for a microwave tower, which
is not feasible in all scenarios. For example, during application in an urban area, it is possible that a microwave tower
can only be installed on a pole or a rooftop. Moreover, on a microwave tower, both alignment difficulty and installation
costs are increased for working personnel to install an antenna.

SUMMARY

[0005] Embodiments of the present application provide a beam scanning antenna, a microwave system, and a beam
alignment method, which are used to resolve problems that installation costs of an antenna are high and a microwave
link is easily affected by shakes.

[0006] In the embodiments of the present application, a first aspect provides a beam scanning antenna, including:

a multi-feed antenna, a feed switching module, and a switching control module, where

the multi-feed antenna includes an aperture unit and at least two feeds, where the feeds are configured to radiate
an electromagnetic wave signal, and the aperture unit is configured to focus the electromagnetic wave signal by
means of reflection or refraction;

the feed switching module includes multiple switches, where each feed is respectively connected to one switch; and
the switching control module is connected to the feed switching module, and the switching control module is con-
figured to enable, by using the feed switching module, each feed to perform signal quality detection, and select one
feed having the best signal quality as a working feed.

[0007] In a first possible implementation manner of the first aspect, the switching control module further includes:

a beam tracking module, configured to detect whether the feed having the best signal quality changes, and if yes,
notify the beam alignment module to select one feed having the best signal quality as the working feed.

[0008] With reference to the first possible implementation manner of the first aspect, in a second possible implemen-
tation manner, the beam tracking module is specifically configured to: instruct, at an interval of preset duration, the feed
switching module to traverse the feeds, so that each enabled feed separately performs signal quality detection, and
determines, according to a result of the signal quality detection, whether the feed having the best signal quality changes; or
receive a user instruction, and instruct, according to the user instruction, the feed switching module to traverse the feeds,
so that each enabled feed separately performs signal quality detection, and determines, according to a result of the
signal quality detection, whether the feed having the best signal quality changes; or

monitor received signal quality in real time, and when it is detected that received signal quality of a current working feed
is less than a preset threshold, instruct the feed switching module to traverse the feeds, so that each enabled feed
separately performs signal quality detection, and determines, according to a result of the signal quality detection, whether
the feed having the best signal quality changes.

[0009] In a third possible implementation manner of the first aspect,

the at least two feeds include one first feed and at least one second feed;

the first feed is placed at a focal point of the aperture unit, and after being reflected or refracted by the aperture unit, a
beam sent by the first feed is parallel to the axis of the aperture unit; and

the second feed is placed at a periphery of the first feed, and after a beam sent by the second feed is reflected or refracted
by the aperture unit, an angle is formed between the beam and the axis of the aperture unit.
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[0010] Withreferencetothe third possible implementation manner of the firstaspect, in a fourth possible implementation
manner, centers of the second feeds are evenly placed on a circle perpendicular to the axis of the aperture unit, the
center of the circle is located on the axis of the aperture unit, a distance between a projection of the second feed on a
focal plane and the focal point is R, the focal plane is a plane that is perpendicular to the axis of the aperture unit and
at which the focal point is located, the center distance between two adjacent second feeds is d, radiation apertures of
the second feeds are on a same plane, a distance between the radiation apertures of the second feeds and a radiation
aperture of the first feed is 3, and & is greater than or equal to zero.

[0011] Withreference to the fourth possible implementation manner of the first aspect, in a fifth possible implementation
manner,

R meets:
2
R < F xtan 9x1+k[D/(4F)J
1+ [D / (4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, ¢
is a beam angle of an aperture radiation beam of the second feed, and 6 is a beam angle of an aperture radiation beam
of the first feed.

[0012] With reference to the third possible implementation manner of the first aspect, in a sixth possible implementation
manner, two groups of second feeds are included, where centers of a first group of second feeds are evenly placed on
afirst circle perpendicular to the axis of the aperture unit, the center of the first circle is located on the axis of the aperture
unit, a distance between a projection of any second feed in the first group of second feeds on a focal plane and the focal
point is R4, the center distance between two adjacent second feeds on the first circle is d4, and a distance between
radiation apertures of the first group of second feeds and a radiation aperture of the first feed is 3, centers of a second
group of second feeds are evenly placed on a second circle perpendicular to the axis of the aperture unit, the center of
the second circle is located on the axis of the aperture unit, a distance between a projection of any second feed in the
second group of second feeds on the focal plane and the focal point is R,, the focal plane is a plane that is perpendicular
to the axis of the aperture unit and at which the focal point is located, the center distance between two adjacent second
feeds on the second circle is dy, and a distance between the radiation apertures of the second group of second feeds
and the radiation aperture of the first feed is 3,; and 84 and &, are greater than or equal to zero.

[0013] With reference to the sixth possible implementation manner of the first aspect, in a seventh possible imple-
mentation manner,

R meets:
1+k[D/4F)]
R < Fxtan4{0x +Hk[D/C )J ;
1+[D/(4F)]
R, meets:
1+k[D/(4F)]
R, < F xtan<0 x +Hk[D/( )1 ;
1+[D/(4F)]
d; meets:
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d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;

and
d, meets:

d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
¢4 is a beam angle of an aperture radiation beam of the first group of second feeds, ¢, is a beam angle of an aperture
radiation beam of the second group of second feeds, and 6 is a beam angle of an aperture radiation beam radiated by
the first feed.

[0014] With reference to the third possible implementation manner of the first aspect, in an eighth possible implemen-
tation manner, n groups of second feeds are included, where centers of an nth group of second feeds are evenly placed
on an n" circle perpendicular to the axis of the aperture unit, the center of the nth circle is located on the axis of the
aperture unit, a distance between a projection of any second feed in the nth group of second feeds on a focal plane and
the focal point is R,,, the center distance between two adjacent second feeds on the nth circle is d,,, radiation apertures
of the second feeds are on a same plane, a distance between the radiation apertures of the second feeds and a radiation
aperture of the first feed is 5,,, and §,, is greater than or equal to zero.

[0015] With reference to the eighth possible implementation manner of the first aspect, in a ninth possible implemen-
tation manner, wherein

R, meets:
2
R < Fxtanq0 x I+ K[D/(4F)1 :
1+[D/(4F)]
and
d, meets:
d, <2AR> + F?)=2(R? + F*)cos(®/2+4,/2) 1

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
#,, iIs @ beam angle of an aperture radiation beam of the second feed, and 0 is a beam angle of an aperture radiation
beam of the first feed.

[0016] In a tenth possible implementation manner of the first aspect, the at least two feeds are placed around a focal
point of the aperture unit, and after a beam sent by any feed of the at least two feeds is reflected or refracted by the
aperture unit, an angle is formed between the beam and the axis of the aperture unit.

[0017] With reference to the tenth possible implementation manner of the first aspect, in an eleventh possible imple-
mentation manner, centers of the at least two feeds are evenly placed on a circle perpendicular to the axis of the aperture
unit, the center of the circle is located on the axis of the aperture unit, a distance between a projection of the feed on a
focal plane and the focal point is R, the focal plane is a plane that is perpendicular to the axis of the aperture unit and
at which the focal point is located, the center distance between two adjacent feeds is d, a distance between the feed
and the focal pointis 3, and § is greater than or equal to zero.

[0018] With reference to the eleventh possible implementation manner of the first aspect, in a twelfth possible imple-
mentation manner,

R meets:
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0 1+k[D/@AR]

R < Fxtan >
2 1+[D/(4F)]

and
d meets:

d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, ¢
is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation beam from
the focal point.

[0019] With reference to the tenth possible implementation manner of the first aspect, in a thirteenth possible imple-
mentation manner, the at least two feeds include two groups, where centers of a first group of feeds are evenly placed
on a first circle perpendicular to the axis of the aperture unit, the center of the first circle is located on the axis of the
aperture unit, a distance between a projection of any feed in the first group of feeds on a focal plane and the focal point
is Ry, the center distance between two adjacent second feeds on the first circle is d4, and a distance between radiation
apertures of the first group of feeds and the focal point is 5, centers of a second group of feeds are evenly placed on a
second circle perpendicular to the axis of the aperture unit, the center of the second circle is located on the axis of the
aperture unit, a distance between a projection of any feed in the second group of feeds on the focal plane and the focal
point is R,, the center distance between two adjacent second feeds on the second circle is d,, and a distance between
radiation apertures of the second group of feeds and the focal pointis &,; and 54 and &, are greater than or equal to zero.
[0020] With reference to the thirteenth possible implementation manner of the first aspect, in a fourteenth possible
implementation manner,

R4 meets:
2
R, < Fxtan 9x1+k[D/(4F)1 ;
2 1+ [D / (4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
R, meets:
2
R, <R + Fxtan 9>< 1+k[D/(4F)J .
2 1+ [D / (4F)]
and
d, meets:
d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),
where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, a
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beam angle of an aperture radiation beam of the first group of feeds is ¢,, a beam angle of an aperture radiation beam
of the second group of feeds is ¢,, and 6 is a beam angle of an outgoing radiation beam from the focal point.

[0021] With reference to the tenth possible implementation manner of the first aspect, in a fifteenth possible imple-
mentation manner, the at least two feeds include n groups of feeds, where centers of an nth group of feeds are evenly
placed on an nth circle perpendicular to the axis of the aperture unit, the center of the nth circle is located on the axis of
the aperture unit, a distance between a projection of any feed in the nth group of feeds on a focal plane and the focal
pointis R, the center distance between two adjacent feeds on the nth circle is d,,, a distance between the feed and the
focal point is 3, and & is greater than or equal to zero.

[0022] With reference to the fifteenth possible implementation manner of the first aspect, in a sixteenth possible
implementation manner,

R, meets:

6 1+«x[D/4F)]

R <R _,+Fxtan{—x =

2 1+[D/4F)]
and
d, meets:

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
#,, is a beam angle of an aperture radiation beam of the feed, and 0 is a beam angle of an outgoing radiation beam from
the focal point.

[0023] With reference to the first aspect or any one of the first to sixteenth possible implementation manners of the
first aspect, in a seventeenth possible implementation manner, the feed switching module is a radio frequency switch
or a Butler matrix switch.

[0024] With reference to the first aspect or any one of the first to seventeenth possible implementation manners of the
first aspect, in an eighteenth possible implementation manner, the signal quality includes:

any one or a combination of two or more of power strength of a signal, a signal-to-noise ratio SNR of the signal,
and a mean square error MSE of the signal.

[0025] In the embodiments of the present application, a second aspect provides a beam scan system, including:

abaseband processing module, an intermediate radio frequency transceiver module, and a beam scanning antenna,
where

the baseband processing module is connected to the intermediate radio frequency transceiver module, and the
baseband processing module is configured to perform modulation and demodulation on transmitted and received
signals respectively, and implement service processing according to the transmitted and received signals;

the intermediate radio frequency transceiver module is configured to implement separation of the received and
transmitted signals;

the beam scanning antenna is connected to the intermediate radio frequency transceiver module, and the beam
scanning antenna includes: a multi-feed antenna, a feed switching module, and a switching control module, where
the multi-feed antenna includes an aperture unit and at least two feeds, where the feeds are configured to radiate
an electromagnetic wave signal, and the aperture unit is configured to focus the electromagnetic wave signal by
means of reflection or refraction;

the feed switching module includes multiple switches, where each feed is respectively connected to one switch; and
the switching control module is connected to the feed switching module, and the switching control module is con-
figured to enable, by using the feed switching module, each feed to perform signal quality detection, and select one
feed having the best signal quality as a working feed.

[0026] In the embodiments of the present application, a third aspect provides a beam scanning method, including:
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instructing, by a switching control module, a feed switching module to enable each feed in a multi-feed antenna, so
that the feeds separately perform signal quality detection, where the multi-feed antenna includes an aperture unit
and at least two feeds, where the feeds are configured to radiate an electromagnetic wave signal, the feed switching
module includes multiple switches, and each feed is respectively connected to one switch in the feed switching
module;

acquiring, by the switching control module, a result of the signal quality detection performed by each feed; and
selecting, by the switching control module according to the result of the signal quality detection, one feed having
the best signal quality as a working feed.

[0027] In a first possible implementation manner of the third aspect,

the at least two feeds include one first feed and at least one second feed;

the first feed is placed at a focal point of the aperture unit, and after being reflected or refracted by the aperture unit, a
beam sent by the first feed is parallel to the axis of the aperture unit; and

the second feed is placed at a periphery of the first feed, and after a beam sent by the second feed is reflected or refracted
by the aperture unit, an angle is formed between the beam and the axis of the aperture unit.

[0028] With reference to the first possible implementation manner of the third aspect, in a second possible implemen-
tation manner, centers of the second feeds are evenly placed on a circle perpendicular to the axis of the aperture unit,
the center of the circle is located on the axis of the aperture unit, a distance between a projection of the second feed on
a focal plane and the focal point is R, the focal plane is a plane that is perpendicular to the axis of the aperture unit and
at which the focal point is located, the center distance between two adjacent second feeds is d, radiation apertures of
the second feeds are on a same plane, a distance between the radiation apertures of the second feeds and a radiation
aperture of the first feed is 3, and & is greater than or equal to zero.

[0029] With reference to the second possible implementation manner of the third aspect, in a third possible implemen-
tation manner,

R meets:
2
R < F xtan 9x1+k[D/(4F)J
1+ [D / (4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, ¢
is a beam angle of an aperture radiation beam of the second feed, and 6 is a beam angle of an aperture radiation beam
of the first feed.

[0030] Withreferencetothe firstpossible implementation manner of the third aspect, in a fourth possible implementation
manner, two groups of second feeds are included, where centers of a first group of second feeds are evenly placed on
afirst circle perpendicular to the axis of the aperture unit, the center of the first circle is located on the axis of the aperture
unit, a distance between a projection of any second feed in the first group of second feeds on a focal plane and the focal
point is Ry, the center distance between two adjacent second feeds on the first circle is d4, and a distance between
radiation apertures of the first group of second feeds and a radiation aperture of the first feed is 3, centers of a second
group of second feeds are evenly placed on a second circle perpendicular to the axis of the aperture unit, the center of
the second circle is located on the axis of the aperture unit, a distance between a projection of any second feed in the
second group of second feeds on the focal plane and the focal point is R,, the focal plane is a plane that is perpendicular
to the axis of the aperture unit and at which the focal point is located, the center distance between two adjacent second
feeds on the second circle is d,, and a distance between the radiation apertures of the second group of second feeds
and the radiation aperture of the first feed is 3,; and 84 and &, are greater than or equal to zero.

[0031] Withreferencetothe fourth possible implementation manner of the third aspect, in afifth possible implementation
manner,

R meets:
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2
R < Fxtan4{0x 1+k[D/(4F)J ;
1+[D/(4F)]
R, meets:
2
R, < F xtan<0 x 1+k[D/(4F)1 ;
1+[D/(4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
and
d, meets:
d, < 2R +F*)=2R2 +F*)cos®/2+¢,/2),
where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
¢, is a beam angle of an aperture radiation beam of the first group of second feeds, ¢, is a beam angle of an aperture
radiation beam of the second group of second feeds, and 6 is a beam angle of an aperture radiation beam radiated by
the first feed.

[0032] With reference to the first possible implementation manner of the third aspect, in a sixth possible implementation
manner, n groups of second feeds are included, where centers of an nth group of second feeds are evenly placed on
an nth circle perpendicular to the axis of the aperture unit, the center of the nth circle is located on the axis of the aperture
unit, a distance between a projection of any second feed in the nth group of second feeds on a focal plane and the focal
point is R, the center distance between two adjacent second feeds on the nth circle is d,, radiation apertures of the
second feeds are on a same plane, a distance between the radiation apertures of the second feeds and a radiation
aperture of the first feed is §,,, and &, is greater than or equal to zero.

[0033] With reference to the sixth possible implementation manner of the third aspect, in a seventh possible imple-
mentation manner,

2
R < Fxtanq0 x I+ K[D/(4F)1 :
1+[D/(4F)]
d, meets:
d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),
where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
#,, s @ beam angle of an aperture radiation beam of the second feed, and 0 is a beam angle of an aperture radiation
beam of the first feed.

[0034] In an eighth possible implementation manner of the third aspect, the at least two feeds are placed around a
focal point of the aperture unit, and after a beam sent by any feed of the at least two feeds is reflected or refracted by
the aperture unit, an angle is formed between the beam and the axis of the aperture unit.
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[0035] With reference to the eighth possible implementation manner of the third aspect, in a ninth possible implemen-
tation manner, centers of the at least two feeds are evenly placed on a circle perpendicular to the axis of the aperture
unit, the center of the circle is located on the axis of the aperture unit, a distance between a projection of the feed on a
focal plane and the focal point is R, the focal plane is a plane that is perpendicular to the axis of the aperture unit and
at which the focal point is located, the center distance between two adjacent feeds is d, a distance between the feed
and the focal pointis 3, and § is greater than or equal to zero.

[0036] With reference to the ninth possible implementation manner of the third aspect, in a tenth possible implemen-
tation manner,

R meets:
2
R < Fxtan 9>< 1+k[D/(4F)J
2 1+[D/(4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, ¢
is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation beam from
the focal point.

[0037] With reference to the eighth possible implementation manner of the third aspect, in an eleventh possible im-
plementation manner, the at least two feeds include two groups, where centers of a first group of feeds are evenly placed
on a first circle perpendicular to the axis of the aperture unit, the center of the first circle is located on the axis of the
aperture unit, a distance between a projection of any feed in the first group of feeds on a focal plane and the focal point
is Ry, the center distance between two adjacent second feeds on the first circle is d4, and a distance between radiation
apertures of the first group of feeds and the focal point is 5, centers of a second group of feeds are evenly placed on a
second circle perpendicular to the axis of the aperture unit, the center of the second circle is located on the axis of the
aperture unit, a distance between a projection of any feed in the second group of feeds on the focal plane and the focal
point is R,, the center distance between two adjacent second feeds on the second circle is d,, and a distance between
radiation apertures of the second group of feeds and the focal pointis 3,; and &, and 3, are greater than or equal to zero.
[0038] With reference to the eleventh possible implementation manner of the third aspect, in a twelfth possible imple-
mentation manner,

R meets:
2
R, < Fxtan gx 1+k[D/(4F)1 ;
2 1+ [D / (4F)]
d; meets:
d, <\2AR} + F*)=2R? + F*)cos@/2+¢,/2) ;
R, meets:
2
R, <R + Fxtan 9>< 1+k[D/(4F)J ;
2 1+ [D / (4F)]
and
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d, meets:

d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1, a
beam angle of an aperture radiation beam of the first group of feeds is ¢4, a beam angle of an aperture radiation beam
of the second group of feeds is ¢, and 6 is a beam angle of an outgoing radiation beam from the focal point.

[0039] With reference to the eighth possible implementation manner of the third aspect, in a thirteenth possible im-
plementation manner, the at least two feeds include n groups of feeds, where centers of an nth group of feeds are evenly
placed on an nth circle perpendicular to the axis of the aperture unit, the center of the nth circle is located on the axis of
the aperture unit, a distance between a projection of any feed in the nth group of feeds on a focal plane and the focal
pointis R,,, the center distance between two adjacent feeds on the nth circle is d,, a distance between the feed and the
focal point is §,,, and & is greater than or equal to zero.

[0040] With reference to the thirteenth possible implementation manner of the third aspect, in a fourteenth possible
implementation manner,

R, meets:

6 1+«x[D/4F)]

R <R _,+Fxtan{—x =

2 1+[D/4F)]
and
d, meets:

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to 1,
#,, is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation beam from
the focal point.

[0041] With reference to the third aspect or any one of the first to fourteenth possible implementation manners of the
third aspect, in a fifteenth possible implementation manner, where after the selecting, according to the result of the signal
quality detection, one feed having the best signal quality as a working feed, the method further includes: detecting
whether the feed having the best signal quality changes, and if yes, reselecting one feed having the best signal quality
as the working feed.

[0042] With reference to the fifteenth possible implementation manner of the third aspect, in a sixteenth possible
implementation manner, the detecting whether the feed having the best signal quality changes specifically includes:

instructing, at an interval of preset duration, the feed switching module to traverse the feeds, so that each enabled
feed separately performs signal quality detection, and determines, according to a result of the signal quality detection,
whether the feed having the best signal quality changes; or

receiving a user instruction, and instructing, according to the user instruction, the feed switching module to traverse
the feeds, so that each enabled feed separately performs signal quality detection, and determines, according to a
result of the signal quality detection, whether the feed having the best signal quality changes; or

monitoring received signal quality in real time, and when itis detected that received signal quality of a current working
feed is less than a preset threshold, instructing the feed switching module to traverse the feeds, so that each enabled
feed separately performs signal quality detection, and determines, according to a result of the signal quality detection,
whether the feed having the best signal quality changes.

[0043] With reference to the third aspect or any one of the first to sixteenth possible implementation manners of the
third aspect, in a seventeenth possible implementation manner, the signal quality includes:

any one or a combination of two or more of power strength of a signal, a signal-to-noise ratio SNR of the signal,
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and a mean square error MSE of the signal.

[0044] As can be seen from the foregoing technical solutions, the embodiments of the present application have the
following advantages:

In the embodiments of the present application, multiple feeds are placed in an antenna, where each feed corresponds
to one beam direction, and the antenna further includes: a feed switching module, configured to control feed switching
to implement switching of a beam direction; and a switching control module, which may select, by using the feed
switching module, one feed having the best signal quality as a working feed, thereby implementing alignment of
antenna beams.

BRIEF DESCRIPTION OF DRAWINGS

[0045] To describe the technical solutions in the embodiments of the present invention or in the prior art more clearly,
the following briefly describes the accompanying drawings required for describing the embodiments. Apparently, the
accompanying drawings in the following description show merely some embodiments of the present invention, and a
person of ordinary skill in the art may still derive other drawings from these accompanying drawings without creative efforts.

FIG. 1 is a schematic structural diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 2 is a schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 3 is another schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 4 is another schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 5 is another schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 6 is another schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 7 is another schematic layout diagram of a beam scanning antenna according to an embodiment of the present
application;

FIG. 8 is another schematic structural diagram of a beam scanning antenna according to an embodiment of the
present application;

FIG. 9 is a schemaitic structural diagram of a microwave system according to an embodiment of the present appli-
cation;

FIG. 10is a schematic flowchart of a beam alignment method according to an embodiment of the present application;
and

FIG. 11 is another schematic flowchart of a beam alignment method according to an embodiment of the present
application.

DESCRIPTION OF EMBODIMENTS

[0046] The following clearly and completely describes the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings in the embodiments of the present invention. Apparently, the
described embodiments are merely some but not all of the embodiments of the present invention. All other embodiments
obtained by a person of ordinary skill in the art based on the embodiments of the present invention without creative
efforts shall fall within the protection scope of the present invention.

[0047] ReferringtoFIG. 1, inthe embodiments of the present application, an embodiment of a beam scanning antenna
includes:

a multi-feed antenna 101, a feed switching module 102, and a switching control module 103.

[0048] The multi-feed antenna 101 includes at least two feeds and one aperture unit, where the feeds are configured
to radiate an electromagnetic wave signal, and the aperture unit is configured to focus the electromagnetic wave signal
by means of reflection or refraction. The aperture unit may be a reflective surface or a lens.

[0049] Exemplarily, the at least two feeds include one first feed and at least one second feed. The first feed may be
placed at a focal point of the aperture unit, and after being reflected or refracted by the aperture unit, a beam sent by
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the first feed is parallel to the axis of the aperture unit. The second feed may be placed at a periphery of the first feed,
and after a beam sent by the second feed is reflected or refracted by the aperture unit, an angle is formed between the
beam and the axis of the aperture unit. Specifically, a value of the angle is related to an offset distance and an azimuth
of each feed relative to the focal point. Because each second feed is placed at a different position around the focal point,
a direction of a reflected beam of each second feed is also different, so that the second feeds and the first feed together
form a relatively large beam coverage range.

[0050] Specifically, in a feed arrangement manner shown in FIG. 2, a schematic diagram of feed arrangement is
provided on a left side of FIG. 2, and a schematic diagram of a position of a feed projected on a focal plane is provided
on aright side of FIG. 2. The focal plane is a plane that is perpendicular to the axis of the aperture unit and at which the
focal point is located. The feeds include: one first feed and a group of second feeds. Centers of the second feeds are
evenly placed on a circle perpendicular to the axis of the aperture unit, the center of the circle is located on the axis of
the aperture unit, and a distance between a projection of the second feed on the focal plane and the focal point is R (as
shown in the schematic diagram on the left side of FIG. 2). When the first feed is placed at the focal point, a half-power
angle of an aperture radiation beam is 6, and a corresponding gain is G dBi. The center distance between two adjacent
second feeds is d, radiation apertures of the second feeds are on a same plane, a distance between the radiation
apertures of the second feeds and a radiation aperture of the first feed is & (6>0, and when 6=0, the second feed and
the radiation aperture of the firstfeed are on a same plane), and abeam angle of an aperture radiation beam corresponding
to the second feed is marked as ¢. To ensure that seamless coverage of half-power beams can be implemented during
beam scanning, the following needs to be met:

2
R < F xtan 9x1+k[D/(4F)J
1+[D/(4F)]
and
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,
where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, and k is a constant less than or equal to
1. In this case, a seamless scanning range maximally can cover an angle of 36. A value of 3 needs to make a gain in a
main lobe direction of the aperture radiation beam corresponding to the second feed be greater than (G-3) dBi.

[0051] Specifically, in another feed arrangement manner shown in FIG. 3, a schematic diagram of feed arrangement
is provided on a left side of FIG. 3, and a schematic diagram of a position of a feed projected on a focal plane is provided
on a right side of FIG. 3. The feeds include: one first feed and two groups of second feeds. Centers of a first group of
second feeds are evenly placed on a circle perpendicular to the axis of the aperture unit, the center of the circle is located
on the axis of the aperture unit, a distance between a projection of any feed in the first group of feeds on the focal plane
and the focal point is R4, the center distance between two adjacent second feeds is d4, and a beam angle of an aperture
radiation beam corresponding to the first group of second feeds is ¢1. Centers of a second group of second feeds are
evenly placed on another circle perpendicular to the axis of the aperture unit, the center of the circle is located on the
axis of the aperture unit, a distance between a projection of any second feed in the second group of feeds on the focal
plane and the focal point is R, the center distance between two adjacent second feeds is d,, and a beam angle of an
aperture radiation beam corresponding to the second group of second feeds is ¢,. A distance between radiation apertures
of the first group of second feeds and a radiation aperture of the first feed is 34 (5420), and a distance between radiation
apertures of the second group of second feeds and the radiation aperture of the first feed is &, (5,>0). When the first
feed is placed at the focal point, a half-power angle of an aperture radiation beam is 6, and a corresponding gain is G
dBi. To ensure that seamless coverage of half-power beams can be implemented during beam scanning, the following
needs to be met:

1+k[D/(4F)] | .
1+[D/ (4P

R < Fxtan4{0x
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d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;

2
R, < F xtan 9x1+k[D/(4F)1 ;
1+[D/(4F)]
and
d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),
where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, and k is a constant less than or equal to
1. In this case, a seamless scanning range maximally can cover an angle of 56. Values of 3, and 3, need to respectively
make main lobe direction gains of the aperture radiation beams corresponding to the first and second groups of second
feeds be greater than (G-3) dBi.

[0052] Further, in an actual application, n groups of second feeds may be placed, and in this case, a seamless scanning
range maximally can cover an angle of (2n+1)* 6.

[0053] Specifically, in another feed arrangement manner shown in FIG. 4, a schematic diagram of a position of a feed
projected on a focal plane is provided on a left side of FIG. 4, and a schematic diagram of a position of a feed projected
on a plane perpendicular to the focal plane is provided on a right side of FIG. 4. The feeds include: one first feed and n
groups of second feeds. Centers of an nth group of second feeds are evenly placed on a circle perpendicular to the axis
of the aperture unit, the center of the circle is located on the axis of the aperture unit, a distance between a projection
of any second feed in the nth group of feeds on the focal plane and the focal point is R,,, the center distance between
two adjacent second feeds is d,, and a beam angle of an aperture radiation beam corresponding to is ¢,. A distance
between the radiation apertures and a radiation aperture of the first feed is §,, (6,20). To ensure that seamless coverage
of half-power beams can be implemented during beam scanning, the following needs to be met:

1+k[D/(4F)]
1+[D/(4F)]

R, < Fxtan<0x

and

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

where a value of 5, needs to make a gain in a main lobe direction of the aperture radiation beam corresponding to the
nth group of second feeds be greater than (G-3) dBi.

[0054] In an actual application, a feed is used as a primary radiator of a high-gain antenna, and focusing of an
electromagnetic wave is implemented by means of reflection or refraction by the aperture unit, thereby implementing a
high gain of the antenna. In a specific implementation manner, if the aperture unit is a reflective surface, only one primary
reflective surface can be used. In this case, the first feed should be located at a focal point of the primary reflective
surface, and an arrangement of the at least two feeds should meet the foregoing arrangement manner to implement
seamless scanning. A manner of one secondary reflective surface and one primary reflective surface may also be used.
In this case, it is considered that the at least two feeds form multiple virtual focal points on a symmetrical surface of the
secondary reflective surface, and an arrangement of the multiple virtual focal points should meet the foregoing arrange-
ment manner to implement seamless scanning. If the aperture unit is a lens, in this case, the first feed should be located
at a focal point of the lens, and an arrangement of the at least two feeds should meet the foregoing arrangement manner
to implement seamless scanning.

[0055] Exemplarily, the at least two feeds may further be placed around a focal point of the aperture unit, and after a
beam sent by any feed of the at least two feeds is reflected or refracted by the aperture unit, an angle is formed between
the beam and the axis of the aperture unit. Specifically, a value of the angle is related to an offset distance and an
azimuth of each feed relative to the focal point. Because each feed is placed at a different position around the focal
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point, a direction of a reflected beam of each feed is also different, so that a relatively large beam coverage range is formed.
[0056] In another feed arrangement manner shown in FIG. 5, the multi-feed antenna 101 includes at least two feeds.
Centers of the at least two feeds are evenly placed on a circle perpendicular to the axis of the aperture unit, and the
center of the circle is located on the axis of the aperture unit. A schematic diagram of feed arrangement is provided on
a left side of FIG. 5, and a schematic diagram of a position of a feed projected on a focal plane is provided on a right
side of FIG. 5. The focal plane is a plane that is perpendicular to the axis of the aperture unit and at which the focal point
is located, and a distance between a projection of the feed on a focal plane and the focal point is R. The center distance
between two adjacent feeds is d, a distance between radiation apertures of the feeds and the focal point is & (5>0, and
when 8=0, the radiation apertures of the feeds are on the focal plane), and a beam angle of an aperture radiation beam
corresponding to the feeds is marked as ¢. It is assumed that when the feeds are placed at the focal point, a half-power
angle of the aperture radiation beam is 0, and a corresponding gain is G dBi. To ensure that seamless coverage of half-
power beams can be implemented during beam scanning, the following needs to be met:

0 1+k[D/@AR]

R < Fxtan >
2 1+[D/(4F)]

and

d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, and k is a constant less than or equal to
1. In this case, a seamless scanning range maximally can cover an angle of 26. A value of 3 needs to make a gain in a
main lobe direction of an aperture radiation beam corresponding to the feeds be greater than (G-3) dBi.

[0057] Specifically, in another feed arrangement manner shown in FIG. 6, a schematic diagram of a position of a feed
projected on a focal plane is provided on a left side of FIG. 6, and a schematic diagram of a position of a feed projected
on a plane perpendicular to the focal plane is provided on a right side of FIG. 6. The feeds include: two groups of feeds,
where centers of a first group of feeds are evenly placed on a circle perpendicular to the axis of the aperture unit, the
center of the circle is located on the axis of the aperture unit, a distance between a projection of any feed in the first
group of feeds on the focal plane and the focal point is R4, the center distance between two adjacent feeds is d4, and a
beam angle of an aperture radiation beam of the first group of feeds is ¢,. Centers of a second group of feeds evenly
placed on a circle perpendicular to the axis of the aperture unit, the center of the circle is located on the axis of the
aperture unit, a distance between a projection of any feed in the second group of feeds on the focal plane and the focal
point is R,, the center distance between two adjacent feeds is d,, a beam angle of an aperture radiation beam of the
second group of feeds is ¢,. A distance between radiation apertures of the first group of feeds and the focal point is 54
(8420), and a distance between radiation apertures of the second group of feeds and the focal point is 8, (5,20). It is
assumed that when the feeds are placed at the focal point, a half-power angle of the aperture radiation beam is 6, and
a corresponding gain is G dBi. To ensure that seamless coverage of half-power beams can be implemented during
beam scanning, the following needs to be met:

0 1+k[D/@R] |

R, < Fxtan >
2 1+[D/(4F)]

d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;

0 1+k[D/GUR] |

R, <R + F'xtan >
2 1+[D/(4F)]

and
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d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),

where

F is the focal length of the aperture unit, D is the diameter of the aperture unit, and k is a constant less than or equal to
1. In this case, a seamless scanning range maximally can cover an angle of 46. Values of 5, and 3, need to respectively
make main lobe direction gains of the aperture radiation beams corresponding to the first and second groups of feeds
be greater than (G-3) dBi.

[0058] Further, in an actual application, n groups of feeds may be placed, and in this case, a seamless scanning range
maximally can cover an angle of 2n*6.

[0059] Specifically, in another feed arrangement manner shown in FIG. 7, a schematic diagram of a position of a feed
projected on a focal plane is provided on a left side of FIG. 7, and a schematic diagram of a position of a feed projected
on a plane perpendicular to the focal plane is provided on a right side of FIG. 7. The feeds include n groups of feeds.
Centers of an nth group of feeds are evenly placed on a circle perpendicular to the axis of the aperture unit, the center
of the circle is located on the axis of the aperture unit, a distance between a projection of any feed in the nth group of
feeds on the focal plane and the focal point is R,,, the center distance between two adjacent feeds is d,,, a beam angle
of an aperture radiation beam corresponding to is ¢,, and a distance between radiation apertures of the feeds and the
focal point is &, (5,20). It is assumed that when the feeds are placed at the focal point, a half-power angle of the aperture
radiation beam is 6, and a corresponding gain is G dBi. To ensure that seamless coverage of half-power beams can be
implemented during beam scanning, the following needs to be met:

2
R <R _, +Fxtan Qx 1+K[D/(4F)]

2 1+[DiaR] .

and

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

where a value of §,, needs to make a gain in a main lobe direction of the aperture radiation beam corresponding to the
nth group of feeds be greater than (G-3) dBi.

[0060] It may be understood that the foregoing description of a position of a feed is only exemplary, and in an actual
application, the position of the feed may further have another placement manner, which is not specifically limited herein.
[0061] It may be understood that the foregoing description of feeds is only exemplary. It is assumed that in a same
group, feeds have a same radiation gain. In an actual application, because individual differences between feeds, or
based on a consideration of special design, radiation gains of feeds in a same group may be not completely the same,
and a minimum radiation beam angle may be used as a calculation reference.

[0062] The feed switching module 102 includes multiple switches, and each feed is respectively connected to one
switch in the feed switching module 102.

[0063] Exemplarily, the feed switching module may be a radio frequency switch or a Butler (Butler) matrix switch. The
radio frequency switch can select only one feed each time. The Butler matrix switch may select one or more feeds at
one time. In an actual application, if a Butler matrix switch is used to select multiple feeds at one time, the multiple feeds
may be used simultaneously to perform transmission and reception of signals.

[0064] The switching control module 103 is configured to enable, by using the feed switching module 102, each feed
to perform signal quality detection, and select one feed having the best signal quality as a working feed. That is, the
feed switching module 102 keeps a switch of the feed having the best signal quality on within a subsequent period of
time. It may be understood that the working feed refers to a feed that actually works in a beam scanning antenna within
a period of time, and not that one feed is always used as a feed that always works.

[0065] In an actual application, to ensure that an optimal feed configuration can be selected, control logic set in the
switching control module 103 needs to ensure that all feeds or feed combinations can be traversed in a feed selection
process.

[0066] Specifically, the switching control module 103 may further include a beam alignment module 1031, configured
to perform switching control by using the feed switching module, and select one feed having the best signal quality as
the working feed. In an actual application, the beam alignment module 1031 is a control module, in which the control
logic of the feed switching module and logic of selecting a feed may be set. Exemplarily, the beam alignment module
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1031 may be a digital signal processing (DSP, digital signal processor) or a central processing unit (CPU, Central
Processing Unit) module.

[0067] Exemplarily, when one of the feeds is selected as the working feed by using the feed switching module 102, a
signal transmitted by another microwave system is received, and signal quality detection is then performed on the
received signal. Specifically, the signal quality includes: any one or a combination of two or more of a received signal
strength, a signal-to-noise ratio (SNR, Signal to Noise Ratio) of a received signal, and a mean square error (MSE, Mean
Square Error) of the received signal. If a received signal strength, for example, a received level or a received power, is
detected, the received signal strength is obtained by detecting a signal on a point in a receive link. If an SNR or an MSE
is detected, the SNR or the MSE may be obtained by using a baseband demodulation module.

[0068] In this embodiment of the present application, multiple feeds are placed, and moreover, and each feed is
respectively connected to one switch in a feed switching module; a switching control module may traverse each feed
by using the feed switching module to perform signal quality detection, and select one feed having the best signal quality
as a working feed, thereby avoiding adjustment and alignment by means of manual rotation of an antenna.

[0069] In an actual application, an antenna in a microwave system may be placed outdoors. Therefore, in a weather
of strong wind, the antenna may shake, causing a link interruption easily. An embodiment of the present application
provides a corresponding solution. Referring to FIG. 8, in the embodiments of the present application, another embodiment
of a beam scanning antenna includes:

a multi-feed antenna 101, a feed switching module 102, and a switching control module 103.

[0070] For connection relationships between the multi-feed antenna 101, the feed switching module 102, and the
switching control module 103, reference may be made to the embodiment in FIG. 1 above, and details are not described
herein again.

[0071] Further, the switching control module 103 may further include: a beam alignment module 1031 and a beam
tracking module 1032.

[0072] The beam alignment module 1031 is configured to perform switching control on the feed switching module by
using set control logic, and select one feed having the best signal quality as a working feed.

[0073] Thebeam tracking module 1032 is configured to detect whether the feed having the best signal quality changes,
and if yes, notify the beam alignment module 1031 to select one feed having the best signal quality as the working feed.
[0074] Specifically, the beam tracking module 1032 instructs the feed switching module 102 to traverse the multiple
feeds, and in a traverse process, perform signal quality detection when each feed is enabled, and determine, according
to a result of the signal quality detection, whether the feed having the best signal quality changes.

[0075] Specifically, the traverse refers to enabling the feeds one by one. When signal quality detection is completed
for one feed, switching is performed to another feed to perform signal quality detection.

[0076] Specifically, because feed switching needs some time, a process of switching between feeds needs to be
performed within a gap period of time of service data processing, or, buffering is performed on service data during
switching between feeds, so as to avoid impact on transmission of service data.

[0077] Specifically, to avoid that beam scanning antennas at two ends perform scanning simultaneously and cannot
be locked, when the beam tracking module 1032 of the beam scanning antenna at a local end starts feed traversal, a
first notification message may be sent to the beam scanning antenna at a peer end to notify the peer end that "the local
end is currently in a scanning state"; and when the peer end receives the first notification message, a beam tracking
module of the peer end locks the beam scanning antenna from performing scanning, that is, keeps the working feed
unchanged. When the beam tracking module 1032 at the local end ends feed traversal, the beam tracking module 1032
may also notify the peer end that "currently not in a scanning state", and when the peer end receives the information,
the beam tracking module of the peer end unlocks the beam scanning antenna to perform scanning, that is, may start
feed traversal according to cases. A notification mechanism for ending feed traversal may be that the local end sends
a second notification message to the peer end, or may be that the local end stops sending the first notification message,
and the peer end does not receive the first notification message within a preset time and then assumes that "currently
not in a scanning state".

[0078] Optionally, in an actual application, a fixed period may be set in the beam tracking module 1032, and the feed
switching module is instructed at an interval of preset duration to traverse the feeds, so that each enabled feed separately
performs signal quality detection, and determines, according to a result of the signal quality detection, whether the feed
having the best signal quality changes.

[0079] Further, it may also be determined according to degradation of the received signal quality whether signal quality
detection needs to be performed. The beam tracking module 1032 monitors received signal quality in real time, and
when it is detected that received signal quality of a current working feed is less than a preset threshold, traverses the
feeds, so that each enabled feed separately performs signal quality detection, and determines, according to a result of
the signal quality detection, whether the feed having the best signal quality changes.
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[0080] Further, a user may further initiate a procedure of signal quality detection, and the user may send a user
instruction to the beam tracking module 1032, to instruct the feed switching module to traverse the feeds, so that each
enabled feed separately performs signal quality detection, and determines, according to a result of the signal quality
detection, whether the feed having the best signal quality changes.

[0081] An embodiment of the present application further provides a microwave system including the foregoing beam
scanning antenna. Referring to FIG. 9, in the embodiments of the present application, an embodiment of a microwave
system includes:

a baseband processing module 20, an intermediate radio frequency transceiver module 30, and a beam scanning
antenna 10.

[0082] The baseband processing module 20 is connected to the intermediate radio frequency transceiver module 30,
and the baseband processing module 20 is configured to perform modulation and demodulation on transmitted and
received signals respectively, and implement service processing according to the transmitted and received signals.
[0083] The intermediate radio frequency transceiver module 30 is configured to implement separation of the received
and transmitted signals. Specifically, the intermediate radio frequency transceiver module 30 includes: a transmit link
Tx and a receive link Rx.

[0084] The beam scanning antenna 10 is connected to the intermediate radio frequency transceiver module 40, and
the beam scanning antenna includes: a multi-feed antenna 101, a feed switching module 102, and a switching control
module 103.

[0085] The multi-feed antenna 101 includes at least two feeds and one aperture unit. The aperture unit is configured
to focus an electromagnetic wave signal by means of reflection or refraction. The aperture unit may be a reflective surface
oralens.

[0086] The feed switching module 102 includes multiple switches, and each feed is respectively connected to one
switch in the feed switching module 102.

[0087] The switching control module 103 is configured to enable, by using the feed switching module 102, each feed
to perform signal quality detection, and select one feed having the best signal quality as a working feed. That is, the
feed switching module 102 keeps a switch of the feed having the best signal quality on within a subsequent period of time.
[0088] It may be understood that the working feed refers to a feed that actually works in a beam scanning antenna
within a period of time, and not that one feed is always used as a feed that always works.

[0089] In an actual application, to ensure that an optimal feed can be selected, control logic set in the switching control
module 103 needs to ensure that all feeds are at least enabled once.

[0090] A beam alignment method is described below. Referring to FIG. 10, in the embodiments of the present appli-
cation, an embodiment of a beam alignment method includes:

1001: A switching control module instructs a feed switching module to enable each feed in a multi-feed antenna.

[0091] A switching control module instructs a feed switching module to enable each feed in a multi-feed antenna, so
that the feeds separately perform signal quality detection, where the multi-feed antenna includes an aperture unit and
at least two feeds, where the feeds are configured to radiate an electromagnetic wave signal, and the aperture unit is
configured to focus the electromagnetic wave signal by means of reflection or refraction. Exemplarily, the aperture unit
may be a reflective surface or a lens.

[0092] The feed switching module includes multiple switches, and each feed is respectively connected to one switch
in the feed switching module.

[0093] In this embodiment of the present application, for a position relationship between feeds, refer to the foregoing
apparatus embodiments, and details are not described herein again.

[0094] Exemplarily, the feed switching module may be a radio frequency switch or a Butler (Butler) matrix switch. The
radio frequency switch can select only one feed each time. The Butler matrix switch may select one or more feeds at
one time. In an actual application, if a Butler matrix switch is used to select multiple feeds at one time, the multiple feeds
may be used simultaneously to perform transmission and reception of signals.

[0095] 1002: The switching control module acquires a result of signal quality detection performed by each feed.
[0096] Exemplarily, when a switch of a feed is turned on, a signal transmitted by a beam scanning antenna at another
end is received, and signal quality detection is then performed on the signal. After signal quality detection is completed,
the feeds send a result of the signal quality detection to the switching control module.

[0097] Specifically, the signal quality includes: any one or a combination of two or more of a received signal strength,
a signal-to-noise ratio (SNR, Signal to Noise Ratio) of a received signal, and a mean square error (MSE, Mean Square
Error) of the received signal. If a received signal strength, for example, a received level or a received power, is detected,
the received signal strength is obtained by detecting a signal on a point in a receive link. If an SNR or an MSE is detected,
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the SNR or the MSE may be obtained by using a baseband demodulation module.

[0098] 1003: The switching control module selects, according to the result of the signal quality detection, one feed
having the best signal quality as a working feed.

[0099] It may be understood that the working feed refers to a feed that actually works in a beam scanning antenna
within a period of time, and not that one feed is always used as a feed that always works.

[0100] In an actual application, to ensure that an optimal feed configuration can be selected, control logic set in the
switching control module needs to ensure that in a process of feed selection, all feeds or feed combinations can be
traversed and enabled at least once.

[0101] Optionally, the feed having the best signal quality may be determined according only to any parameter of a
power strength of a signal, an SNR of the signal, and an MSE of the signal, that is, a feed having the greatest power
strength, or having the highest SNR, or having the minimum MSE is selected. The feed having the best signal quality
may also be selected in combination with a condition of any two or more of a power strength of a signal, an SNR of the
signal, and an MSE of the signal and with reference to corresponding weights. A specific implementation manner may
be decided according to an actual need, and is not limited herein.

[0102] In this embodiment of the present application, multiple feeds are placed, and moreover, and each feed is
respectively connected to one switch in a feed switching module; a switching control module may enable, by using the
feed switching module, each feed to perform signal quality detection, and select one feed having the best signal quality
as a working feed, thereby avoiding manual adjustment and alignment of an antenna.

[0103] Further, in an actual application, an antenna in a microwave system may be placed outdoors. Therefore, in a
weather of strong wind, the antenna may shake, causing a link interruption easily. An embodiment of the present
application provides a corresponding solution. Referring to FIG. 11, in the embodiments of the present application,
another embodiment of a beam scanning antenna includes:

1101: A switching control module instructs a feed switching module to traverse the feeds.

[0104] The switching control module instructs the feed switching module to traverse the feeds, so that each enabled
feed separately performs signal quality detection.

[0105] In this embodiment of the present application, for a position relationship between feeds, refer to the foregoing
apparatus embodiments, and details are not described herein again.

[0106] Specifically, the switching control module may further include: a beam alignment module and a beam tracking
module. The beam alignment module is configured to perform switching control on the feed switching module by using
set control logic, and select one feed having the best signal quality as the working feed. The beam tracking module is
configured to detect whether the feed having the best signal quality changes, and if yes, notify the beam alignment
module to select one feed having the best signal quality as the working feed. Specifically, because feed switching needs
some time, a process of switching between feeds needs to be performed within a gap period of time of service data
processing, or, buffering is performed on service data during switching between feeds, so as to avoid impact on trans-
mission of service data.

[0107] Specifically, to avoid that beam scanning antennas at two ends perform scanning simultaneously and cannot
be locked, when the beam tracking module of the beam scanning antenna at a local end starts feed traversal, a first
notification message may be sent to the beam scanning antenna at a peer end to notify the peer end that "currently in
a scanning state"; and when the peer end receives the first notification message, a beam tracking module of the peer
end locks the beam scanning antenna from performing scanning, that is, keeps the working feed unchanged. When the
beam tracking module at the local end ends feed traversal, the beam tracking module may also notify the peer end that
"the local end is currently not in a scanning state", and when the peer end receives the information, the beam tracking
module of the peer end unlocks the beam scanning antenna to perform scanning, that is, may start feed traversal
according to cases. A notification mechanism for ending feed traversal may be that the local end sends a second
notification message to the peer end, or may be that the local end stops sending the first notification message, and the
peer end does not receive the first notification message within a preset time and then assumes that "currently not in a
scanning state".

[0108] Optionally, in an actual application, there are multiple manners of triggering the switching control module to
perform signal quality detection on each feed again, and the manners include:

1. Periodic initiation

[0109] A user may setone fixed duration, and set the beam tracking module to instruct, at an interval of preset duration,
the feed switching module to traverse the feeds.
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2. Initiation according to an instruction

[0110] A user initiates a procedure of signal detection, and the user may send a user instruction to the beam tracking
module, to instruct the feed switching module to traverse the feeds. Specifically, the user instruction may be sent by
using remote control, a set program or a preset button, and a specific implementation form may be decided according
to an actual need, which is not limited herein.

3. Initiation according to received signal quality

[0111] The beam tracking module monitors received signal quality in real time, and when it is detected that received
signal quality of a current working feed is less than a preset threshold, traverses the feeds, so that each enabled feed
separately performs signal quality detection.

[0112] 1102: The switching control module acquires a result of signal quality detection performed by each feed.
[0113] Exemplarily, when a switch of a feed is turned on, a signal transmitted by a beam scanning antenna at another
end is received, and signal quality detection is then performed on the signal. After signal quality detection is completed,
the feeds send a result of the signal quality detection to the switching control module.

[0114] 1103: The switching control module selects one feed having the best signal quality as the working feed.
[0115] Within one traversal period, the switching control module selects one feed having the best signal quality as the
working feed. It may be understood that the working feed refers to a feed that actually works in a beam scanning antenna
within a period of time, and not that one feed is always used as a feed that always works.

[0116] Specifically, a period of time within which the feeds are sequentially enabled once is one traversal period.
[0117] In this embodiment of the present application, a working feed is adjusted according to an actual case, that is,
even an antenna in a microwave system shakes and a feed is offset, a switching control module can still automatically
reselect one feed having the best signal quality as the working feed, so that signal receive and transmit quality of a
microwave link is not severely affected.

[0118] The foregoing descriptions are merely specific implementation manners of the present application, but are not
intended to limit the protection scope of the present application. Any variation or replacement readily figured out by a
person skilled in the art within the technical scope disclosed in the present application shall fall within the protection
scope of the present application. Therefore, the protection scope of the present application shall be subject to the
protection scope of the claims.

Claims
1. Abeam scanning antenna, comprising:

a multi-feed antenna, a feed switching module, and a switching control module, wherein

the multi-feed antenna comprises an aperture unit and at least two feeds, wherein the feeds are configured to
radiate an electromagnetic wave signal, and the aperture unit is configured to focus the electromagnetic wave
signal by means of reflection or refraction;

the feed switching module comprises multiple switches, wherein each feed is respectively connected to one
switch; and

the switching control module is connected to the feed switching module, and the switching control module is
configured to enable, by using the feed switching module, each feed to perform signal quality detection, and
select one feed having the best signal quality as a working feed.

2. The beam scanning antenna according to claim 1, wherein the switching control module further comprises:

a beam tracking module, configured to detect whether the feed having the best signal quality changes, and if
yes, notify the beam alignment module to select one feed having the best signal quality as the working feed.

3. The beam scanning antenna according to claim 2, wherein the beam tracking module is specifically configured to:
instruct, at an interval of preset duration, the feed switching module to traverse the feeds, so that each enabled feed
separately performs signal quality detection, and determines, according to a result of the signal quality detection,
whether the feed having the best signal quality changes; or
receive a user instruction, and instruct, according to the user instruction, the feed switching module to traverse the
feeds, so that each enabled feed separately performs signal quality detection, and determines, according to a result
of the signal quality detection, whether the feed having the best signal quality changes; or
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monitor received signal quality in real time, and when it is detected that received signal quality of a current working
feed is less than a preset threshold, instruct the feed switching module to traverse the feeds, so that each enabled
feed separately performs signal quality detection, and determines, according to a result of the signal quality detection,
whether the feed having the best signal quality changes.

The beam scanning antenna according to claim 1, wherein

the at least two feeds comprise one first feed and at least one second feed;

the first feed is placed at a focal point of the aperture unit, and after being reflected or refracted by the aperture unit,
a beam sent by the first feed is parallel to the axis of the aperture unit; and

the second feed is placed at a periphery of the first feed, and after a beam sent by the second feed is reflected or
refracted by the aperture unit, an angle is formed between the beam and the axis of the aperture unit.

The beam scanning antenna according to claim 4, wherein centers of the second feeds are evenly placed on a circle
perpendicular to the axis of the aperture unit, the center of the circle is located on the axis of the aperture unit, a
distance between a projection of the second feed on a focal plane and the focal point is R, the focal plane is a plane
that is perpendicular to the axis of the aperture unit and at which the focal point is located, the center distance
between two adjacent second feeds is d, radiation apertures of the second feeds are on a same plane, a distance
between the radiation apertures of the second feeds and a radiation aperture of the first feed is 8, and § is greater
than or equal to zero.

The beam scanning antenna according to claim 5, wherein

R meets:
2
R < F xtan 9x1+k[D/(4F)J
1+[D/(4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢is a beam angle of an aperture radiation beam of the second feed, and 6 is a beam angle of an aperture radiation
beam of the first feed.

The beam scanning antenna according to claim 4, wherein two groups of second feeds are comprised, wherein
centers of a first group of second feeds are evenly placed on a first circle perpendicular to the axis of the aperture
unit, the center of the first circle is located on the axis of the aperture unit, a distance between a projection of any
second feed in the first group of second feeds on a focal plane and the focal point is R4, the center distance between
two adjacent second feeds on the first circle is d4, and a distance between radiation apertures of the first group of
second feeds and a radiation aperture of the first feed is §; centers of a second group of second feeds are evenly
placed on a second circle perpendicular to the axis of the aperture unit, the center of the second circle is located
on the axis of the aperture unit, a distance between a projection of any second feed in the second group of second
feeds on the focal plane and the focal point is R,, the focal plane is a plane that is perpendicular to the axis of the
aperture unit and at which the focal point is located, the center distance between two adjacent second feeds on the
second circle is d,, and a distance between the radiation apertures of the second group of second feeds and the
radiation aperture of the first feed is 8,; and 34 and 3, are greater than or equal to zero.

The beam scanning antenna according to claim 7, wherein
R4 meets:
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2
R < Fxtan4{0x 1+k[D/(4F)J ;
1+[D/(4F)]
R, meets:
2
R, < F xtan<0 x 1+k[D/(4F)1 ;
1+[D/(4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
and
d, meets:
d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢4 is a beam angle of an aperture radiation beam of the first group of second feeds, ¢, is a beam angle of an
aperture radiation beam of the second group of second feeds, and 6 is a beam angle of an aperture radiation beam
radiated by the first feed.

The beam scanning antenna according to claim 4, wherein n groups of second feeds are comprised, wherein centers
of an nth group of second feeds are evenly placed on an nth circle perpendicular to the axis of the aperture unit, the
center of the nth circle is located on the axis of the aperture unit, a distance between a projection of any second
feed in the nth group of second feeds on a focal plane and the focal point is R,, the center distance between two
adjacent second feeds on the nth circle is d,,, radiation apertures of the second feeds are on a same plane, a distance
between the radiation apertures of the second feeds and a radiation aperture of the first feed is 5,,, and 3,, is greater
than or equal to zero.

The beam scanning antenna according to claim 9, wherein

R, meets:
2
R < Fxtanq0 x I+ K[D/(4F)1 :
1+[D/(4F)]
and
d, meets:
d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢,, is a beam angle of an aperture radiation beam of the second feed, and 6 is a beam angle of an aperture
radiation beam of the first feed.

The beam scanning antenna according to claim 1, wherein the at least two feeds are placed around a focal point
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of the aperture unit, and after a beam sent by any feed of the at least two feeds is reflected or refracted by the
aperture unit, an angle is formed between the beam and the axis of the aperture unit.

The beam scanning antenna according to claim 11, wherein centers of the at least two feeds are evenly placed on
a circle perpendicular to the axis of the aperture unit, the center of the circle is located on the axis of the aperture
unit, a distance between a projection of the feed on a focal plane and the focal point is R, the focal plane is a plane
that is perpendicular to the axis of the aperture unit and at which the focal point is located, the center distance
between two adjacent feeds is d, a distance between the feed and the focal point is 8, and § is greater than or equal
to zero.

The beam scanning antenna according to claim 12, wherein

R meets:
2
R < Fxtan 9>< 1+k[D/(4F)J
2 1+[D/4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation beam
from the focal point.

The beam scanning antenna according to claim 11, wherein the at least two feeds comprise two groups, wherein
centers of a first group of feeds are evenly placed on a first circle perpendicular to the axis of the aperture unit, the
center of the first circle is located on the axis of the aperture unit, a distance between a projection of any feed in the
first group of feeds on a focal plane and the focal point is R4, the center distance between two adjacent second
feeds on the first circle is d4, and a distance between radiation apertures of the first group of feeds and the focal
point is 8, centers of a second group of feeds are evenly placed on a second circle perpendicular to the axis of the
aperture unit, the center of the second circle is located on the axis of the aperture unit, a distance between a projection
of any feed in the second group of feeds on the focal plane and the focal point is R,, the center distance between
two adjacent second feeds on the second circle is d,, and a distance between radiation apertures of the second
group of feeds and the focal point is 3,; and &4 and &, are greater than or equal to zero.

The beam scanning antenna according to claim 14, wherein

R4 meets:
2
R, < Fxtan gx 1+k[D/(4F)1 ;
2 1+ [D / (4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
R, meets:
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0 1+k[D/GUR] |
2 1+[D/@4F)]

R, <R + F'xtan

and
d, meets:

d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),

wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, abeam angle of an aperture radiation beam of the first group of feeds is ¢, a beam angle of an aperture radiation
beam of the second group of feeds is ¢,, and 6 is a beam angle of an outgoing radiation beam from the focal point.

The beam scanning antenna according to claim 11, wherein the at least two feeds comprise n groups of feeds,
wherein centers of an nth group of feeds are evenly placed on an nth circle perpendicular to the axis of the aperture
unit, the center of the nth circle is located on the axis of the aperture unit, a distance between a projection of any
feed in the nth group of feeds on a focal plane and the focal point is R,,, the center distance between two adjacent
feeds onthe nthcircle is d,, adistance between the feed and the focal pointis 5, and & is greater than or equal to zero.

The beam scanning antenna according to claim 16, wherein

R, meets:

6 1+«x[D/4F)]

R <R _,+Fxtan{—x =

2 1+[D/4F)]
and
d, meets:

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢,,, is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation
beam from the focal point.

The beam scanning antenna according to any one of claims 1 to 17, wherein the feed switching module is a radio
frequency switch or a Butler matrix switch.

The beam scanning antenna according to any one of claims 1 to 18, wherein the signal quality comprises:

any one or a combination of two or more of power strength of a signal, a signal-to-noise ratio SNR of the signal,
and a mean square error MSE of the signal.

20. A microwave system, comprising:

a baseband processing module, an intermediate radio frequency transceiver module, and a beam scanning
antenna, wherein

the baseband processing module is connected to the intermediate radio frequency transceiver module, and the
baseband processing module is configured to perform modulation and demodulation on transmitted and received
signals respectively, and implement service processing according to the transmitted and received signals;
the intermediate radio frequency transceiver module is configured to implement separation of the received and
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transmitted signals;

the beam scanning antenna is connected to the intermediate radio frequency transceiver module, and the beam
scanning antenna comprises: a multi-feed antenna, a feed switching module, and a switching control module,
wherein

the multi-feed antenna comprises an aperture unit and at least two feeds, wherein the feeds are configured to
radiate an electromagnetic wave signal, and the aperture unit is configured to focus the electromagnetic wave
signal by means of reflection or refraction;

the feed switching module comprises multiple switches, wherein each feed is respectively connected to one
switch; and

the switching control module is connected to the feed switching module, and the switching control module is
configured to enable, by using the feed switching module, each feed to perform signal quality detection, and
select one feed having the best signal quality as a working feed.

21. Abeam alignment method, comprising:

instructing, by a switching control module, a feed switching module to enable each feed in a multi-feed antenna,
so that each feed performs signal quality detection respectively, wherein the multi-feed antenna comprises an
aperture unit and at least two feeds, wherein the feeds are configured to radiate an electromagnetic wave signal,
the feed switching module comprises multiple switches, and each feed is respectively connected to one switch
in the feed switching module;

acquiring, by the switching control module, a result of the signal quality detection performed by each feed; and
selecting, by the switching control module according to the result of the signal quality detection, one feed having
the best signal quality as a working feed.

22. The method according to claim 21, wherein

the at least two feeds comprise one first feed and at least one second feed;

the first feed is placed at a focal point of the aperture unit, and after being reflected or refracted by the aperture unit,
a beam sent by the first feed is parallel to the axis of the aperture unit; and

the second feed is placed at a periphery of the first feed, and after a beam sent by the second feed is reflected or
refracted by the aperture unit, an angle is formed between the beam and the axis of the aperture unit.

23.

24,

The method according to claim 22, wherein centers of the second feeds are evenly placed on a circle perpendicular
to the axis of the aperture unit, the center of the circle is located on the axis of the aperture unit, a distance between
a projection of the second feed on a focal plane and the focal pointis R, the focal plane is a plane that is perpendicular
to the axis of the aperture unit and at which the focal point is located, the center distance between two adjacent
second feeds is d, radiation apertures of the second feeds are on a same plane, a distance between the radiation
apertures of the second feeds and a radiation aperture of the first feed is 3, and § is greater than or equal to zero.

The method according to claim 23, wherein

R meets:
2
1+ k|(D/(4F
R < Fxtan<0x [ ( )J
1+[D/(4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,

wherein
F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to

1, ¢is a beam angle of an aperture radiation beam of the second feed, and 6 is a beam angle of an aperture radiation
beam of the first feed.
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The method according to claim 22, wherein two groups of second feeds are comprised, wherein centers of a first
group of second feeds are evenly placed on a first circle perpendicular to the axis of the aperture unit, the center of
the first circle is located on the axis of the aperture unit, a distance between a projection of any second feed in the
first group of second feeds on a focal plane and the focal point is R4, the center distance between two adjacent
second feeds on the first circle is d4, and a distance between radiation apertures of the first group of second feeds
and a radiation aperture of the first feed is 5, centers of a second group of second feeds are evenly placed on a
second circle perpendicular to the axis of the aperture unit, the center of the second circle is located on the axis of
the aperture unit, a distance between a projection of any second feed in the second group of second feeds on the
focal plane and the focal point is R,, the focal plane is a plane that is perpendicular to the axis of the aperture unit
and at which the focal point is located, the center distance between two adjacent second feeds on the second circle
is d,, and a distance between the radiation apertures of the second group of second feeds and the radiation aperture
of the first feed is 3,; and &, and §, are greater than or equal to zero.

The method according to claim 25, wherein

R meets:
2
R < Fxtan4{0x 1+k[D/(4F)J ;
1+ [D / (4F)]
R, meets:
2
R, < F xtan<0 x 1+k[D/(4F)1 ;
1+ [D / (4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
and
d, meets:
d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢, is a beam angle of an aperture radiation beam of the first group of second feeds, ¢, is a beam angle of an
aperture radiation beam of the second group of second feeds, and 6 is a beam angle of an aperture radiation beam
radiated by the first feed.

The method according to claim 22, wherein n groups of second feeds are comprised, wherein centers of an nth
group of second feeds are evenly placed on an nth circle perpendicular to the axis of the aperture unit, the center
of the nth circle is located on the axis of the aperture unit, a distance between a projection of any second feed in the
nth group of second feeds on a focal plane and the focal point is R,,, the center distance between two adjacent
second feeds on the nthcircle is d,,, radiation apertures of the second feeds are on a same plane, a distance between
the radiation apertures of the second feeds and a radiation aperture of the first feed is §,, and 3,, is greater than or
equal to zero.

The method according to claim 27, wherein R, meets:
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2
R < Fxtanq0 x I+ K[D/(4F)1 :
1+[D/(4F)]
and
d, meets:
d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, 4,, is a beam angle of an aperture radiation beam of the second feed, and 0 is a beam angle of an aperture
radiation beam of the first feed.

The method according to claim 21, wherein the at least two feeds are placed around a focal point of the aperture
unit, and after a beam sent by any feed of the at least two feeds is reflected or refracted by the aperture unit, an
angle is formed between the beam and the axis of the aperture unit.

The method according to claim 29, wherein centers of the at least two feeds are evenly placed on a circle perpendicular
to the axis of the aperture unit, the center of the circle is located on the axis of the aperture unit, a distance between
a projection of the feed on a focal plane and the focal point is R, the focal plane is a plane that is perpendicular to
the axis of the aperture unit and at which the focal point is located, the center distance between two adjacent feeds
is d, a distance between the feed and the focal point is 8, and 3 is greater than or equal to zero.

The method according to claim 30, wherein

R meets:
2
R < Fxtan 9>< 1+k[D/(4F)J
2 1+[D/4F)]
and
d meets:
d<y2AR> +F?)=2R> +F*)cos@/2+¢/2) ,
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation beam
from the focal point.

The method according to claim 29, wherein the at least two feeds comprise two groups, wherein centers of a first
group of feeds are evenly placed on a first circle perpendicular to the axis of the aperture unit, the center of the first
circle is located on the axis of the aperture unit, a distance between a projection of any feed in the first group of
feeds on a focal plane and the focal point is Ry, the center distance between two adjacent second feeds on the first
circle is d4, and a distance between radiation apertures of the first group of feeds and the focal point is &, centers
of a second group of feeds are evenly placed on a second circle perpendicular to the axis of the aperture unit, the
center of the second circle is located on the axis of the aperture unit, a distance between a projection of any feed
in the second group of feeds on the focal plane and the focal point is R,, the center distance between two adjacent
second feeds on the second circle is d,, and a distance between radiation apertures of the second group of feeds
and the focal point is 5,; and &, and &, are greater than or equal to zero.

The method according to claim 32, wherein
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R4 meets:
2
R, < Fxtan 9x1+k[D/(4F)1 ;
2 1+ [D / (4F)]
d; meets:
d, <AJ2ARZ+F?)=2(R? + F*)cos®/2+¢,/2) ;
R, meets:
2
R, <R + Fxtan 9>< 1+k[D/(4F)J ;
2 1+ [D / (4F)]
and
d, meets:
d, <\J2RZ +F) = 2R +F*)cos@/2+¢,/2),
wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, abeam angle of an aperture radiation beam of the first group of feeds is ¢, a beam angle of an aperture radiation
beam of the second group of feeds is ¢,, and 6 is a beam angle of an outgoing radiation beam from the focal point.

The method according to claim 29, wherein the at least two feeds comprise n groups of feeds, wherein centers of
an nth group of feeds are evenly placed on an nth circle perpendicular to the axis of the aperture unit, the center of
the nth circle is located on the axis of the aperture unit, a distance between a projection of any feed in the nth group
of feeds on a focal plane and the focal point is R,,, the center distance between two adjacent feeds on the nth circle
is d,,, a distance between the feed and the focal point is 5,,, and & is greater than or equal to zero.

The beam scanning antenna according to claim 34, wherein

R, meets:

6 1+«x[D/4F)]

R <R _,+Fxtan{—x =

2 1+[D/4F)]
and
d, meets:

d, <|2R>+ F?)=2(R? + F*)cos(®/2+¢,/2),

wherein

F is the focal length of the aperture unit, D is the diameter of the aperture unit, k is a constant less than or equal to
1, ¢,, is a beam angle of an aperture radiation beam of the feed, and 6 is a beam angle of an outgoing radiation
beam from the focal point.

The method according to any one of claims 21 to 35, after the selecting, according to the result of the signal quality
detection, one feed having the best signal quality as a working feed, further comprising: detecting whether the feed
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having the best signal quality changes, and if yes, reselecting one feed having the best signal quality as the working
feed.

37. The beam scanning antenna according to claim 36, wherein the detecting whether the feed having the best signal
quality changes specifically comprises:

instructing, at an interval of preset duration, the feed switching module to traverse the feeds, so that each
enabled feed separately performs signal quality detection, and determines, according to a result of the signal
quality detection, whether the feed having the best signal quality changes; or

receiving a user instruction, and instructing, according to the user instruction, the feed switching module to
traverse the feeds, so that each enabled feed separately performs signal quality detection, and determines,
according to a result of the signal quality detection, whether the feed having the best signal quality changes; or
monitoring received signal quality in real time, and when it is detected that received signal quality of a current
working feed is less than a preset threshold, instructing the feed switching module to traverse the feeds, so that
each enabled feed separately performs signal quality detection, and determines, according to a result of the
signal quality detection, whether the feed having the best signal quality changes.

38. The method according to any one of claims 21 to 37, wherein the signal quality comprises:

any one or a combination of two or more of power strength of a signal, a signal-to-noise ratio SNR of the signal,
and a mean square error MSE of the signal.
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